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ABSTRACT

This report describes the work completed and in
progress at EOS during the first quarter of the
Planetary Solar Array Development Study Program,
JPE Contract 952035.

The report finalizes the requirements of Task 1,
the environmental definitions of the Martian
surface, and gives a preliminary review of the
possible concepts as defined in Task 11 of the
program outline.
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SECTION 1
INTRODUCT ION

This report is the first quarterly report of the Planetary Photovoltaic
Solar Array, and is in response to the requirements of JPL Contract
952035 , Paragraph 5 (iv) .

This contract covers the study of the feasibility of design for the
development and fabrication of a photovoltaic solar array capable of

operating on the Martian surface.

The total overall program is separated into three phases as follows:

Phase 1 = Feasibility Study
Phase II - Design and Development

Phase III - Fabrication

This study contract covers Phase 1, and is the study and analysis to
provide a conceptual design of a photovoltaic solar array capable of
producing 200 watts of raw electrical power on the Martian surface at

solar noon.

An analysis of the program organization, responsibilities, milestones,
and task breakdowns was given to JPL in the EOS initial report dated
14 August 1967.

This report finalizes the requirements of Task I, the environmental
definitions of the Martian surface, and in addition gives a preliminary
review of the possible concepts as defined in Task II of the program

outline.

7254-Q-1 1



SECTION 2

TAK 1 SUMMARY

2.1 MARTIAN ENVIRONMENTAL MODEL

A wealth of information on Mars environments has been generated and
compiled by JPL. This information, which is quite general in nature,
was given to EOS in the performance of this contract. The Martian
environmental model to be presented in the following subsectiohs is the
joint JPL-EOS interpretation of the general information available.
Wherever possible, our rationale for selecting a given value or parameter
from a wide range of data will be given, together with the appropriate

supplemental references.
2.1.1 MARS ATMOSPHERE

Ten models of Martian atmosphere, as shown in Table I, have been con-
sidered as plausible in covering a wide range of experimental data.

Our selection of the ¥YM-2 model as the most probable case was based
primarily on later works on spectroscopic and occultation experiments
which indicated the atmosphere to consist of virtually all carbon dioxide

with the surface pressure of 8 mb.*

The parameters of the Martian atmosphere which are pertinent to the
solar array study are summarized in Table II. The most probable model
corresponds to the VM-2 model and themaximum-and minimum-value models
correspond to the VM-8 and VM5 models respectively. Note that the
term maximum or minimum is based on the wind load effect which is
approximately proportional to the product of density and (velocity)2

for the low Mach number regime.

*"High-Dispersion Spectroscopic Observations of Mars. 1. The CO2
Content and Surface Pressure,' by Hyron Spinrad et al. The Astrophysical
Journal, Vol. 146, No. 2, Nov 1966

7254-Q-1 2
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Property

Surface pressure
Surface density
Surface temperature
Stratospheric temperature
CO2 (by mass)

N2 (by mass)

A (by mass)
Molecular weight
Specific heat ratio
Specific ht ratio
Adiabatic lapse rate
Tropopause altitude

Free stream cont,
surface wind speed

Maximum surface wind speed

Design gust speed

7254-Q-1

TABLE II
MARS ATMOSPHERIC CONSIDERATIONS

Probable Maximum-Value

Minimum-Value

Dimension Model Model Model
mb | 7.0 5.0 14.0
(gm/cn°)10°  1.85 1.32 1.91
°k 200 200 275
°x 100 100 200
% 100 100 28.2
% 0.0 0.0 71.8
% 0.0 0.0 0.0
Mo~ ! 44.0 44..0 31.2
cal/gm°C 0.166 0.166 0.23

- 1.37 1.37 1.38
%/ -5.39 -5.39 -3.88
km 18.6 18.6 19.3
ft/sec 186 220 132
ft/sec 380 450 270
ft/sec 200 200 150

4



2.1.2 THERMAL ENVIRONMENT

Since the Martian atmosphere was assumed to be 100 percent CO2 at a
pressure of 7 mb, the mode of heat transfer from the spacecraft to
environment will be both radiation and convection. The heat transfer
parameters of interest are the soil surface emissivity, the atmospheric

albedo, and the daily surface temperature variation.

These parameters were summarized in Fig. 1. The probable values of
emissivity and albedo are 0.85 and 0.15 respectively. The temperature
variations are shown to be a function of latitude and they correspond
to the Martian winter condition. The surface temperature in the summer
is expected to be 12°% higher than the winter condition. Daily tempera-

ture fluctuation is approximately 1000C.

2.1.3 COUDs AND DUST

The information on cloud and dust conditions on Mas is sketchy and
speculative in nature. Such information has been summarized in Table 111.
The concern on the solar array performance as affected by the Martian
clouds and dusts falls into two areas. The first area is the realistic
estimate of the solar intensity at the surface as a result of atmospheric
attenuation. This subject will be discussed in the next section. The
second area is concerned with the effect of settling dusts on the

optical properties of the solar cell cover glass, the possibility of
conductive dust particles shorting the exposed electrical contracts,

and finally the effect of dust stormson the cover glass and thermal

coating deterioration. This latter area will be covered in Subsection 3.4.

7254-Q-1 S
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TABLE III
MARTIAN CLOUDS AND DUST CONSIDERATIONS

® Yellow clouds
Altitude - 3-30 km
Particle size - 1-100u
8 Blue clouds
Altitude - Unknown at present
Particle size = 0.1u

Material - HZO ice crystals and condensed violet material (45503)
® \White clouds

Altitude = 15-25 km
Particle size = 1lu
Material - HZO or CO

® Entrained dust

o Ice crystals

Altitude = Dependent upon wind speeds
Particle size = 1-1000u

Material density - 2-4 gm/cc

Airborne threshold velocity = 200-300 ft/sec

7254-Q-1 /



2.1.4  SOLAR INTENSITY

The solar intensity near Mars space varies from 50 to 74 mw/cmz, depend-
ing on the distance from Mars to the sun. For the intensity at the
surface, a rough engineering estimate was made to determine the trans-

mission factor, which was found to be approximately 92 percent.

Attempts to perform a more accurate calculation proved to be unfruitful
as the uncertainties of several parameters which enter into the attenua-
tion process are large. The following discussion describes the degree

of uncertainty of several contributing parameters:

a. The attenuation of the solar photon by the atmosphere consists
of two basic processes, i,e. , scattering and absorption.
Three components which are responsible for scattering are Cc0O
gas molecules, dust particles, and water vapor. Of the three
components, only gas molecule scattering can be computed with
any accuracy.

b. Of the two components responsible for absorption, water vapor
and CO,, only the latter’s contribution can be calculated.
Since CO, absorption occurs mostly at wavelengths longer than

2.5u, 1t can be neglected for reason that the integrated solar
energy at A > 2.5y will contribute only approximately 2 percent
of the total energy.

The approach taken was to assume that the attenuation is a logarithmic
function of the pressure. By analogy with Earth conditions, we assigned
a transmission factor of 0.7 at a pressure of 1000 mb (Earth AMI value).
The transmission factor at 1 nb was assumed to be 1.0. By logarithmic
extrapolation, the transmission factor at Mas surface (7 mb) was found

to be 0.92. This is shown in Fig. 2.

We believe the assumption leading to the recommended transmission factor
to be a conservative one. This is due to the fact that the Martian

atmospheric contents of 02. 03, and water vapor , are significantly

7254-Q-1 8
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lower than those on Earth. Since these components are principally

responsible for absorption as illustrated in Fig. 3, our assumption of

logarithmic absorption analogous to Earth conditions will certainly be

conservative.

2.1.5 RADIATION ENVIRONMENT

Assuming that no artificial radioactive source such as an RTG is attached

to the surface laboratory, the radiation damage to the solar cells will

P

be due only to natural sources of galactic and solar cosmic radiation.

To quote from JPL documents, these sources are:

Galactic cosmic radiation. The galactic cosmic radiation

near Mas consists of essentially the proton component and

its secondary radiation produced in the Martian atmosphere.
The radiation dose rate at the top of the Martian atmosphere
ranges between 20 and 45 mr/day. The dose rate at the surface
of Mas ranges between 10 and 25 mr/day; this range is based
on an average 10 nb surface atmosphere producing approximately
30 gm/cm2 of mass attenuation. A change in the value of the
surface pressure by 5 mb affects the dose rate by only about
10 percent. The radiation due to natural radioactivity will
be a small fraction of that due to cosmic radiation.

Solar cosmic radiation. The range of the surface atmospheric

pressure of Mas corresponds to_a range of atmospheric mass

per unit area of 11 to 44 gm/cmz. The solar cosmic proton
radiation is much more sensitive than galactic cosmic radiation
to this range of mass attenuation because of the lower energy
protons in the solar cosmic radiation. The approximate
attenuations of the free space spectra, yielding surface
time-integrated fluxes of the model solar flare event and the
maximum yearly flux of solar flare events at 1.5 AU from Sun
are given in Table IV.

2.1.6 SUMMARY OF MARS PROBABLE ENVIRONMENTAL MODEL

The pertinent parameters of the Martian environment in connection with

the solar array study are summarized in Table V.

7254-Q~1
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TABLE IV
MAXIMUM TIME-INTI

Flux (protons/cmz)
Atmospheric

Energy (Mev) Meass Attenuation
(11 gm/cmz) (44 gm/cmz)
Maximum Time-Integrated Proton E>10 1.2 x 108 3.2 x 107
Flux per Flare E> 30 98 x 107 29 x 107
E > 100 6.7 x 10 | 27 x 10
Maximum Time=Integrated Proton E> 10 1.6 x 108 5.3 X 107
Flux per Year E > 30 1.3 x 16 | 4.9 x 107
E>100 | 9.3 x10" | 4.4 x10

TABLE V

MARS PROBABLE ENVIRONMENTAL MODEL

® Atmosphere
Pressure: 7 nb
Atmos gas: ~ 100%CO2
Wind speed (0.8 v): 150 ft/sec (10 M height)
Maximum wind speed: 380 ft/sec
® Thermal environments
Albedo : 0.15
Emissivity : 0.85

Maximum temperature: 312°K

Minimum temperature: 150°K

Daily variation: 100°K
® Dust storms

Periodic occurrence, probably when wind gusts exceed 300 ft/sec

e Solar intensity
Near Mas space: 50-74 mW/cmZ
Transmission factor at surface, AMI = 0.92
e Radiation

Galactic cosmic radiation: 10-25 mr/day

Solar cosmic radiation: Ref. Table IV

7254-Q-1 12



2.2  MISSION RESTRAINTS

2.2,1 STERILIZATION REQUIREMENTS

JPL has specified that the feasibility study of the solar array design

shall include consideration of array sterilization.

The solar arrays destined to enter the Martian atmosphere and land on
the Martian surface shall be biologically sealed in a sterilization
canister and remain sealed through the terminal heat sterilization

cycle. After sterilization, the canister shall remain biologically

sealed until it is separated in flight in the vicinity of Mars. Prior
to the terminal heat sterilization cycle, the equipment will be processed
in a manner to minimize the biological contamination, and will receive

an ethylene oxide (ETO) decontamination.

2.2.1.1 Part and Material Qualification

In order to promote uniformity of testing,the test levels given in

Tables VI and VITI are recommended for parts and material qualification.

It is not a requirement that all parts and materials intended to be

used in the flight capsule be qualified to these test levels. Ultimately,
the acceptability of the various parts and materials comprising the
capsule will be based on the results of subsystem and system type

approval testing.

2.2.1.2 Sterilization Test Levels

The test levels applicable to solar array qualification and acceptance
and capsule terminal sterilization shall be as given in Tables VI and
VII.

7254-Q-1 13



ETO Relative Exposure
Temp | Concentration| Humidity Time No. of
°c) | mg/liter (%) (hr/cycle)| Cycles
Parts and materials
qualification™ 50 600 50 % ok
Subsystem (assembly) testing
*%*
FA 40 500 40 *%
TA 50 600 50 e o
*Optional test
**To be determined later
TABLE VII
HEAT STERILIZATION PARAMETERS
T
Chamber i Exposure r
TSmp Nitrogen Time . No. of
("C) | Concentration | (hr/cycle) | Cycles
Parts and materials
qualification™* 135 Fk *% %
Subsystem (assembly) testing
FA 125 *d K% ok
TA 135 %k ok *k
7254-Q-1 14




2.2.1.3 Ethylene Oxide (ETO) Decontamination

Those capsule elements undergoin TA, FA, or compatibility testing
shall be subjected to ETO decontamination in an enclosed test chamber
capable of producing a controlled environment of time, temperature,
temperature rate, relative humidity (HH), pressure decay, and specified
ET0O concentration as defined for the appropriate test item and environ-
ment. The ETO decontaminating agent shall contain 12 percent ETO and

88 percent dichloro-defluro-methane (Freon 12 or Genetron 12) by weight.

2.2.1.4 Heat Sterilization Tests

Those capsule elements undergoing TA, FA, or compatibility testing
shall be subjected to heat sterilization testing in an enclosed test
chamber capable of producing a controlled environment of time, tempera-
ture, and temperature rate as defined for the appropriate test item and
environment. The gas used for all heat sterilization test shall be

nitrogen.

2.2.15 Type Approval (TA) Testing

TA tests are those tests which demonstrate the adequacy of the design
for its intended usage, including performance, margin, and other similar
tests. The TA tests are formal, and although much development testing
may precede them, they are considered to be the actual demonstration
of satisfactory design. TA tests are performed both on the capsule
proof test model (PTM) and on prototypes of all subsystems or assem-
blies. The TA tests shall be performed on equipment in the same con-
figuration as is intended for FA tests and any subsequent design change
or FA configuration change shall, in general, invalidate the TA tests.
Units subjected to TA tests are automatically disqualified for flight.
The TA tests are not intended to be destructive tests; to successfully

pass them, equipment shall function in accord with its detail specification.

7254-Q~1 15



2.2.1.6 Flight Acceptance (FA) Testing

FA tests are those tests which demonstrate that the hardware is ready
for flight. These tests are complements of the TA tests, although they
are not as extensive. They include performance tests, environmental
tests, margin tests, and other related tests. The FA tests complement
activities such as inspection and calibrations. The FA tests are formal
and, although much calibration and related work is done, they are the
tests by which the unit is certified ready for flight. FA tests are

to be conducted on identical TA equipment configurations and subsequent
rework of the equipment shall, in general, invalidate the FA tests.
Limits as shall be placed on the number of times any one serial-numbered

equipment undergoes FA environmental testing.
2.2.2 PACKAGING RESTRAINTS

The packaging restraints are defined as those restraints imposed on the
solar array by the physical configuration of vehicle and sterilization

canister while in the launch, transit, and landing mode.

This configuration is depicted by JPL drawing 10652002 as furnished by
JPL as a part of this contract, and by EOS drawing 7254-100 (Fig. 4)

which further develops the detail of the spacecraft.

Preliminary analysis of the packaging restraints shows that the following

panel areas can be contained within the limitations depicted:

a. Flat nonfolded arrays, approximately 85 sq ft per side of the
spacecraft body, for a total of 190 sq ft of solar array.
This would involve a panel with a curved outer edge on an
approximate 110 inch radius.

b. Conical circumferential fixed array, approximately 260 sq ft
total panel area with a major diameter of 220 in., and a
minor diameter of 120 in., with panel surface length of 70 in.

7254-Q-1 16
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c. A volume of 64 cu ft per side of the vehicle body can readily
be obtained for possible storage of a undeployed folding or
roll-up array.

The preliminary study of the package restraints indicate that sufficient
area or volume is available within the design limitations as expressed
by JPL to satisfy the physical size of any of the six array concepts

presently under consideration.
2.2.3 DEPLOYMENT AND ORIENTATION CONSIDERATIONS

In this section, factors which must be taken into deployment and orien-
tation considerations will be discussed. The pertinent ground rules
having a strong influence in the selection of the array concept are the

following :

1. The surface laboratory is intended to land on the equator,
but the design must accommodate a landing error of £20°in
latitude.

2. The maximum terrain slope is 34°.
3. The surface laboratory cannot provide any slope leveling
capability.

4. Once landed, the surface laboratory cannot be reoriented to
have a preferred orientation toward the sunrise-sunset line
(east-west of Mars).

5. Two opposing sides of the laboratory not used for the array
attachment are to be kept clear. This requirement is probably

put forth to reserve a clear view from the laboratory to Mas
surface for some scientific instrumentation.

2.2.3.1  Ground Rules No. 4 and 5

Ground rule No. 4 does not permit the vehicle to move to position the
array to the no-shadow E-W line (assuming the array is not allowed to

rotate around the vehicle).

7254-Q-1 18



Considerations have been given to rotating the array with respect to
the vehicle so that the array will be aligned with the E-W line.
However, the array will interfere with the other scientific instruments
which may be located in the areas to be kept clear as specified by

ground rule No. 5.

For the array which is mounted from the side of the surface laboratory,
it appears that a 3-axis articulation is not preferred. However, this

restriction does not apply for a surveyor-type panel where the panel
is mounted on a vertical boom.

2.2.3.2 Ground Rules No. 1, 2, and 3

Figures 5, 6, and 7 show the logical sequence of what will be required
to satisfy the three ground rules if the spacecraft landed at -20°
latitude. This is the worst case where the total array orientation

required is 76° . The breakdown of the total is:

Inclination from ecliptic plane 22°
Error in landing in southern hemisphere 20°
Terrain slope (N-5) 34°

Total 76°

In case the terrain slope is in the E-W direction, a two-axis correction

will be required, i.e., 42° correction for latitude and plane of ecliptic,
and 34° for slope.

2.2.3.3 Antenna Shadowing

The present spacecraft concept calls for the antenna location to be on
top of the surface laboratory. Since the Earth and Mas are essentially

on the same ecliptic plane, the movement of the antenna will also be

7254=Q-1 19
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in this plane. However, the antenna pointing vector may be at an angle
of +40° with the sun vector depending on the relative positions of Mas
and Earth.

To avoid complete shadowing, each of the two panels will have to be
mounted on a boom which is sufficiently long to clear the shadows.

Again what is shown in Fig. 7 will be the worst case.

To summarize, the deployment and orientation considerations suggest

that a minimum of two-axis orientation will be required in order to

meet the landing latitude error and slope requirements. It is preferable
to have a 3-axis orientation capability. The advantages of the 3-axis
concept are: (1) ability to align the panel in E-W direction and avoid
antenna shadowing completely, (2) daily sun tracking ability so that

the power profile is flat, and (3) ability to correct for latitude and
slope. A 3-axis concept will, however, violate ground rules No. 4

and 5. An exception to this will be a Surveyor-type panel. Various

array concepts will be discussed in more detail in Subsection 3.3.

2.3 STRUCTURAL DESIGN GCONSIDERATIONS

2.3.1 GENERAL REQUIREMENTS AND ASSUMPTIONS

The ultimate design load will be 1.25 times the design load. The entire
structure shall be capable of withstanding the ultimate design loads
without failure.

The structure shall not yield under the design loads.

Allowable stress data shall be obtained from the Mil Handbook 5, Metallic

Materials and Elements for Flight Vehicle Structures, or Mil Handbook

17, Plastics for Flight Vehicles.
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All environments which are defined for the planetary vehicle will be
assumed to act at the solar array-capsule mechanical interface.

Dynamic loads will be considered omnidirectional.

The loads analysis will assume that the array is dynamically decoupled
from the flight vehicle.

The array shall be deployable in a 1 g (Earth) environment.
2.3.2  APPLICABLE ENVIRONMENTS

The following environments are the basis for the generation of the

structural design and material selection criteria.

2.3.2.1 Low Frequency Vibration

a. At launcher release, the longitudinal acceleration is 2.1 g
(o-p) composed of transients at discrete frequencies between
4 and 45 Hz. They are described as decaying sinusoids of 20
cycles duration.

b. At SIC shutdown, the longitudinal acceleration is a composite
signal of 1.25 g (o-p) composed of transients at discrete
frequencies between 6 and 70 Hz. They are described as
decaying sinusoids of 20 cycles duration. Lateral environment
during this event is unknown at this time.

2.3.2.2 Random Vibration

The random vibration spectrum during launch is described in Fig. 8.

2.3.2.3 lgnition, Staging, and Separation Shock

The shock response due to these environments is approximated by an

input consisting of a 200-g terminal peak sawtooth of 0.7 to 1.0 milli-
second rise time.

24
7254-Q-1



GE0TE6 3I0BIJUOD T4r ‘unizoedg 3saf

H
oool 001

UOTIBIGTA UOgGUEY

I

TVNOILOZYIA-INKO SI ININI SIHL

$HION

*g 2an814g

1o

ZH 7,9

t'o

25

7254-Q-1

28192



2.3.2.4 Acoustic Noise

Overall sound pressure level of approximately 151 dB for approximately
30 seconds with a one-third octave, sound pressure level of 141, 5 dB
from 80 Hz to 125 Hz with a rolloff of 5 dB/octave above 125 Hz and a
rolloff of 2 dB/octave below 80 Hz.

2.3.2.5 Static Accelerations

The maximum quasi-static acceleration along the thrust axis of the

vehicle is 4.75 g. The lateral acceleration is less than 1 g.

2.3.2.6 Aero Dynamically Induced Heating

The maximum heat flux from the shroud to the solar panel during launch

is 40 watts/ftz°

2.3.2.7 Ascent Pressure Environment

The ascent pressure environment is defined by the following table:

Ambient Pressure versus Time

Time of Flight Ambient Pressure

(sec) (psi)
0 14.5
10 14.0
20 13.2
30 11.8
40 9.5
50 6.6
60 4.3
70 2.5
80 1.4
90 0.7
100 0.4
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2.3.2.8 Entry Into Mas Atmosphere

The aerodynamic drag upon entry into the Mas atmosphere will produce

a quasi-static deceleration of 229 g,

2.3.2.9 Parachute Opening Shock

The parachute opening shock is defined by Fig. 9.

2.3.2.10 Landinp Shock

The expected landing shock is defined by Fig. 10.

2.3.2.11 Sterilization

The sterilization requirements are defined in Subsection 2.2.1.

2.3.2.12 Ground Handling

The ground handling environment will be controlled and will not be a

design constraint.

2.3.2.13 Wind on Mas Surface

The maximum wind velocity on Mas will be 380 ft/sec which will be

assumed to act normal to the surface of the solar array.

2.3.2.14 Thermal Environment

The expected thermal environment for the solar panel structure is

described in Subsection 2.1.2.
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2.3.2.15 Radiation

The structural materials will be subjected to the radiation environment
defined in Subsection 2.15.

2.3.2.16 Corrosive Atmosphere

The Mars atmosphere is 100 percent COZ'

2.3.3 DESIGN LOADS FOR PRELIMINARY STRUCTURAL ANALYSIS

The induced and natural environments listed in Subsection 2.1 have been
reviewed and reduced to a set of critical design loads to be used in
trade studies and in preliminary design. The environments which appear
to produce the critical design loads are: (1) the random vibration
and decaying sinusoids which occur during launch and apply to the stowed
configuration of the array, and (2) the wind load on the Mars surface
which acts on the deployed array. The environmental conditions will
be reassessed as the final designs evolve to determine that these are

the critical loading conditions.

2.3.3.1 Design Loads for the Array in the Stowed Configuration

To simplify the preliminary design and analysis procedure, the random
vibration and low frequency transients have been reduced to equivalent
harmonic inputs. The methods used to determine this equivalence are

presented in Subsections 2.3.3.2 and 2.3.3.3. The use of the results

is explained in Subsection 2.3.3.4.
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2.3.3.2 Harmonic Equivalent of Random Vibration Spectrum

———

2 . .
The mean square response, q , of a lightly damped single degree of

freedom system to a power spectrum w(£), in gz/Hz, is given by Crandall.”

2
qr

fn QW(fn)

N R

where fn is the fundamental frequency of the structural element and Q
is the dynamic magnification factor. This result is exact only with
infinitely wide band excitation but is a good approximation for the

response to a continuous spectrum excitation which is nearly uniform

in the neighbourhood of the natural frequency.
given by

The 3 o response is

.o ki \1/2
r 3 (2 fn Qw(fn)/

The probability of a peak exceeding the 3 ¢ response is 0.3 percent.

.0

The harmonic base excitation és, in g's, which produces the 3 o response

is

1/2
t o= 3 <£ Fo M)y
s 2 Q /

This relation has been evaluated for a frequency range from 10 Hz to

2000 Hz for Q's of 20 and 50 and the power spectrum shown in Fig. 8.
These results are plotted in Fig. 11.

*#§. H. Crandall, Random Vibration, Technology Press, MIT with Wiley ,
1958, pp. 77-90.
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2.3.3.3 Harmonic Equivalent of Low Frequency Transients

The harmonic base excitation which is equivalent to the low frequency
decaying sinusoids was calculated as follows. The response of a simply

supported beam to a base excitation defined by

. ~bw t .
6S(t) = 2.1 ge n sin wnt
for 0t = 40m
w
n
-bwt = 0.05 when t = &06r
and e W

n

where w is the circular natural frequency of beams having dynamic mag-
nification factors of 20 and 50. The maximum dynamic bending moment
produced by the decaying sinusoidal excitation was equated to the
maximum bending moment produced by harmonic excitation and the magnitude
of the equivalent harmonic excitation calculated. The results are
plotted in Fig. 11.

2.3.3.4 Use of the External Load Curves

The external loads defined in Fig. 11 are designed limit loads which

are to be multiplied by 1.25 to get the ultimate design load.

In the design analysis procedure, the structural elements of the solar
panel array are to be dynamically decoupled by a separation of their

fundamental frequencies. Therefore, the loads to be applied in sizing
each element are a function of the fundamental frequency and magnifica-

tion factor of that element only.
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The procedure which is followed is to make a preliminary estimate for
the geometry of a structural element and calculate its natural frequency.
Then, with the frequency and magnification factor for the element
(assumed to be 20 for frame members and 50 for substrate), the equiva-
lent harmonic base excitation may be determined from Fig. 11. The
internal loads and deflections for the structural element can then be
calculated from the generalized load and deflection curves and relations

which have been developed by EOS for this purpose.

If the calculated stresses exceed the allowable stress for the structural
element, it may be necessary to deviate from the "minimum weight con-
figuration®™ for that element based on a nonfrequency-dependent loading
condition. That is, if more material is added to provide the necessary
strength, it must be added in a manner which does not increase the
stiffness (if the natural frequency of the element is above 24 Hz)

since the loads increases as the stiffness increases. 1In short, the
weight optimization study of the structure must include the fact that

the loads vary as the configuration of the structural element varies.

2.3.3.5 Design Load for Deployed Array on the Martian Surface

For preliminary design purposes, the wind loading on the solar array
will be treated as a static load which can be calculated from the rela-
tions for stagnation pressure in the flow of a compressible gas. In
the final analysis the dynamic loading due to formation of Von Karman

vortices will be considered.

2.3.3.6 Calculation of Stagnation Pressure

Assuming the wind is normal to the panel surface, the stagnation pres-
Po = P(I+ $1K/K'1

34

sure, Po, is given by
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where P = static pressure on Mars = 7 mb = 0.135 psi
K = cp/cV (for CO, at 150°K) = 1.28
M = Mach number = V/,/KgRT
g = 386 in./sec
V = maximum velocity of Martian wind = 4560 in./sec
RCOZ = 35.13 ft-1b/1b °R
T = absolute temperature (assume average temperature) =

2250K = 405°R

The Mach number is

M = V/J/KgRT
_ 4.560
M = g3g = 0.496

And the stagnation pressure is

1.28

Po = 0135 [1 =252 (0.496)%7" 25710
4.57

Po = 0.135 [1.034442) = 0.135 [1.15362]

Po = 0.155

The differential pressure acting on the panel is

Po - P = 0.155 - 0.135 = 0.020 psi, or 2.88 1b/ft2
2.3.3.7 Conclusion
The design load for the deployed panel will be a static pressure of

0.020 psi.
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SECTION 3

TASK II CONSIDERATIONS

3.1 PRELIMINARY THERMAL ANALYSIS

3.1.1 SOLAR ARRAY THERMAL ENVIRONMENT

The temperature time history of a spacecraft mounted solar panel oper-
ating on the surface of Mars is determined by four criteria, which are

listed below in decreasing order of influence:

Solar Intensity
Interaction with the surface of Mars

Interaction with the Martian atmosphere

o OO T o

Interaction with the spacecraft

The last two items can be discussed only qualitatively until a prelim-
inary panel design is completed. A representative view factor of the
Martian surface and a rough estimate of atmospheric effects were used
to generate the preliminary temperature estimates given in the next
section. A discussion of the influence of the Martian atmosphere is

given be dow.

The atmosphere was assumed to be 100 percent CO2 at a pressure of 7
millibars (0.1 psia). This atmosphere has many of the same effects on
the landscape of Mas as the Earth's atmosphere has on Earth, with the
exception of rain and water erosion. It acts as a temperature equalizer,
absorbing heat from the surface during the day and giving it back at
night. Changes in density caused by changes in temperature set up

local winds which are assumed to average 150 ft/sec with gusts of up

to 280 ft/sec. The atmosphere will interact with the spacecraft in the

following ways :

36
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a. It will remove heat by convection during periods of sunlight
and add heat at night.

b. lItwill carry dust particles and other contaminants.
c. ltwill exert wind loads on the exposed surfaces.
d. Itwill absorb infrared radiation from spacecraft components.

The heat transfer rates (item a) were investigated by assuming a flat
plate parallel to the wind flow. The Reynolds number as a function of
flow length along the plate was found to be in the laminar range up to
about 4 feet at the average wind velocity of 150 ft/sec. Therefore,
laminar flow will predominate over most solar panel and spacecraft
configurations for all but the highest wind speeds. The atmospheric
pressure at ground level is too high for any rarefied gas effects,

such as "slip" flow.

The heat transfer relationship for a flat plate in laminar flow is given

below.
h = 0332 kid (Re)™2¢pr)t/3
where
h = heat transfer coefficient, w/in.2 OC,
k = gas thermal conductivity, W/in.OC,
d = flow length, in.,
Re = Reynolds number based on d,
Pr = Prandtl number,
for d = 10 in. at 150 ft/sec wind velocity,
h = 00013 W/in.? °c.
This is comparable to still air natural convection rates on Earth and

an order of magnitude below wind blown convection on Earth. Similarly,
the Martian natural convection rates are an order of magnitude lower;
therefore, although wind convection has an appreciable influence on the

panel radiation, heat transfer is still the dominant mode.
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The effects of dust accumulation cannot as yet be quantitatively

assessed. The effects of wind loads are discussed below.

The effects of atmospheric radiation absorption from the spacecraft
are estimated in Fig. 12. In this figure, the large absorption band

of CO2 in the 14-16y range was approximated by a simplified model
which is shown in the insert. Other higher absorption bands were
neglected. Absorption between 14 and 16 microns as a function of
source temperature was calculated. The drop below 200°K is not
accurate since there are probably absorption bands at longer wave-
lengths which take care of some low temperature radiation. An adequate
engineering estimate of the absorption of the atmosphere at solar
panel/spacecraft emission temperatures is 10 percent with a 90 percent

transmissivity. This number was used in all calculations.
3.1.2  SOLAR PANEL TEMPERATURE

A heat balance was taken on the solar panel temperature extremes under
a variety of Martian environmental conditions. The atmospheric effects
discussed in the previous section were used. A table of solar panel
temperature estimates is given below, and a plot of diurnal temperature
variation for one case is shown in Fig. 13. A discussion of the heat

balance follows.

Solar Intensity Surface Temperature Solar Panel Temp.

50 wif /cm’ 300% * 296.8°K

74 md /em? 312% * 315.3%

0 (Darkness at 150°K 145.7°K
aphelion)

0 (Darkness at 211% 198.4°K

perihelion)

* These numbers are slightly lower than previously released estimates.

The change is due to a correction in as from 0.90 to 0.81.
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3.1.2.1 Heat Balance

In words, for the steady state:

3.1.2.2 Panel Upper Surface

Solar heating = energy converted to electricity -+ radiation to the
atmosphere t radiation to space + convection to the atmosphere -+ con-
duction to the panel lower surface.

3.1.2.3 Panel Lower Surface

Conduction from the upper surface = radiation to the surface of Mars *
convection to the atmosphere.

Assuming a uniform panel temperature, panel surface area = unity, and
combining both equations, in symbols:

4
«sFGs (1-1) = teoTl

+ (1-t)e (o1, *-01a%) 1 2n (T,-Tm)
+ e(oT14-GTm4)

where oss = solar absorptivity of panel = 0.81
= atmospheric attenuation of sunlight = 0.92
= solar constant at Mars
T = solar panel efficiency
t = atmospheric transmissivity to Mars radiation
¢ = solar panel emissivity = 0.85 (both sides)
= Boltzmann"s constant, 36.6 x,J£T12 watts/in2 Ok

= average panel temperature, °k
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Ta = Mas sky temperature, 230°K
h = heat transfer coefficient, watts/in2 oK
Tm = atmospheric temperature and Mas surface temperature,
O
K
The equation was solved for the cases listed above. In addition, a

transient case was solved assuming a panel weight of 0.5 lb/ft2 and an
average specific heat of 0.2 Btu/lboF. This is plotted for the first

7 hours after sunrise in Fig. 13. The large difference between plane-
tary and panel temperatures after the first hour has a considerable
leveling effect. In all cases, the atmosphere and surface temperatures
were assumed to be equal, since there is no rational basis for assigning

a lead or lag during the day.

3.2 PRELIMINARY POWER ANALYSIS

3.2.1 RADIATION ENVIRONMENT AND EFFECTS

There are two basic types of radiation the solar array may encounter

on the Martian surface, proton radiation from solar flares, and ultra-
violet radiation. The galactic cosmic radiation near Mars consists of
essentially the proton component and its secondary radiation produced

in the Martian atmosphere.

The intensity of the solar flares for the planetary array mission in
1973 is based on the information provided in the JPL Voyager Environ-
mental Predictions Document SEO03BB01-1828. The energy distribution
of solar flare radiation is based on the power law obtained from

Section Vv of the referenced JPL document.

I = KE (1)
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where

I = the solar flare intensity in protons/cmz—time = ¢
E = proton energy, MeV

K = constant = 247 X 108

n = constant = 0.189

Based on the table presented in Section IV, D.4 of the JPL document,

| = 247 x 10° g70-189

protons/cmz—year for 1973, at the Martian
surface. The proton radiation degrades the cover glass and the solar
cells. The basic radiation effect on cover glass is a transmission
loss from discoloration. This discoloration is caused by the formation
of 'F' centers. Some discoloration is also noted in fused silica
(quartz), but it is much worse in microsheet (soda-lime glass) due

to the increased impurities found in the glass. Radiation has little

or no effect on the physical strength of the filter glass.

The basic mechanism that causes the degrading of the cells is the
formation of recombination centers in the bulk material of the solar
cell. As a result of these new recombination centers, the holes and
electrons that are generated by the photons recombine before reaching
the N-P junction. This electrical energy is essentially lost as far
as useful output is concerned. The overall effect of proton radiation

on solar cells is the decreasing of the effective current.

The effect of radiation on solar cells is determined by the radiation
degradation equation:
1/2
Q = [7/9 & (2)

[e4
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where

The above
EOS based

percent of power capability remaining after bombardment with
integrated flux, ¢

"critical" flux necessary to produce a 25 percent degradation
of solar cell output power. (In this case: ¢>C = 1x lO]"L

2
protons/cm .)

equation was deyeloped by a member of the technical staff at

on the theoretical and empirical considerations of radiation

induced damage in silicon solar cells. The range of protons through

three mil

2.0 x 108

dation of

filters is approximately 3 MeV which gives a proton flux of
p/cmz—year, using Eg- 1. This flux gives a radiation degra-
1.7 using EQ. 2.

322 PRELIMINARY

In order to calculate a power analysis for the planetary solar array,

a number of basic assumptions must be made with respect to the circuit

requirements of the array.

Cell
Cell

type - 2 X 2 an (1-3 Qcm)

output at STD AMO conditions - 27°%¢
1) 0.012 THK - 60 oW @ 450 mv
2) 0.008 THK - 55 ol @ 450 mv
3) 0.004 THK - 47 wd @ 450 mv

Circuit voltage - 28.0 volts

No. of cells in parallel/circuit - 6

The follawing values are given as derived and shown earlier in this

report and represent worst case conditions.

7254-Q-1
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Solar irradiance - 50 mV/cm2
Atmospheric loss - 8%

Surface irradiance - 46 rrw/cmo
Panel temperature - 300°%K (27OC)

Radiation degradation @ one year - 4%
The follawing calculation is given to derive the minimum square footage
required to produce 200 watts of electrical power on Mars at solar

noon,

a. Current/cell @ maximum power point:

1) 0.021 - 60/450 = 1332 mA
2) 0.008 - 55/450 = 122.2 mA
3) 0.004 - 47/450 = 104.5 mA
b. Correction for solar irradiance 46/140 = .33 factor
1) 0.012 - 133.2 (.33) = 438 mA @ 450 mv

2) 0.008 - 122.2 (.33)
3) 0.004 - 1045 (.33)

40.2 mA @ 450 mv
345 mA @ 450 mv

c. Correction for filter and fabrication losses (5%)

1) 0.012 - 438 (.95) = 416 mA
2) 0.008 - 402 (.95) = 382 mA
3) 0.004 - 345 (.95) = 328 mA

d. Correction for one year radiation degradation (2%)
1) 0.012 - 416 (.98) 408 mwA (18.36 mW/cell)
2) 0.008 - 38.2 (.98) 374 mA (16.83 miW/cell)
3) 0.004 - 328 (.98) 32.1 mA (14.44 mi¥/cell)

e. Number of cells in series, adding 1volt for diode and wiring

loss:
280 1.0 = 29.0/.450 = 645 (65 cells)
Operating voltage/cell = 446 mv
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f. Current/Array:
200w/28.0v = 7.13A

g. Number of cells in parallel/array:
1) 0.012 - 7.15/.0408 = 176
2) 0.008 - 7.15/.0374 191
3) 0.004 - 7.15/.0321 223

h. Number of six cell circuits/array:

1) 0.012 - 179/6 = 29.4 (30)
2) 0008 - 196/6 = 31.9 (32)
3) 0.004 - 227/6 = 37.2 (38)

Number of total cells/array:

1) 0.012 - 30 (6) (65) = 11,700
2) 0.008 - 32 (6) (65) = 12,480
3) 0.004 - 38 (6) (65) = 14,820

j. Waltts output of total array:
1) 0.012 - 18.36 (11,700) - 214,84
2) 0.008 - 16.83 (12,480) - 210.0W
3) 0.004 - 1444 (14,800) - 214,04

k. Area of cell )
0.793 x 0.793 = 0.63 in.

1. Assuming a 90 percent packing factor the minimum area of the
array would be:

1) 0012 - 0.63 (1.11) (11,700) = 8182 in> - 568 ft>
2) 0008 - 063 (1.11) (12,480) = 8,730 in’ - 60.6 ft
3) 0.004 - 063 (1.11) (14,820) = 10,380 in> - 72.0 ft

The following calculation is given to derive specific wt/ft2 of the

solar array:
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a.

7254-Q-1

Weight analysis, less substrate:

Cell thickness, inch 0.012 0.008 0.004
Cell weight, solderless (g) 0.29 0.20 0.11
Filter weight, 0.003 thick (g) 0.10 0.10 0.10
Filter adhesive (g) 0.03 0.03 0.03
Connector and boss/cell (g) 0.10 0.10 0.10
Mounting adhesive (g) 0.05 0.05 0.05
Total (g/cell) 0.57 0.48 0.39
Total g/ft2 (206 cells/ftz) 117.4 98.9 80.3

Total lbs/ft2 0.259 0.218 0.177

Earth AMO power of the array:
200 W/0.33 = 606W

Maximum design weight of array:
JPL specified 20 W/1b
606/20 = 30.3 1b

Assuming 1/3 of the allowable weight for deployment structure,
and 2/3 for array structure the allowable 1bs/£ft2 of the array
including cells are:

1) 0.012 - 20.2/56.8
2) 0.008 - 20.2/60.6
3) 0.004 - 20.2/72.0

0.358 1bs/ft2
0.333 1bs/ft:2
0.281 1bs/ft2

Allowable lbs/ft2 for substrate:

1) 0.012 - 0.358 - 0.259 = 0.099 lbs/ft’

2)  0.008 - 0.333 - 0.218 = 0.115 1bs/ft?

2

3) 0.004 - 0.281 - 0.177 = 0.104 lbs/ft
47



f. Specific power/area:
1) 0.012 - 214.8/56.8
2) 0.008 - 210.0/60.6
3) 0.004 - 214.0/72.0

3.78 W/£t? (11.5 W/£t?, AMO)
3.46 W/£t? (10.5 w/£tZ, AMO)
2.97 W/Et? (9.0 w/£t2, AMO)

it

The thinner cells, though lighter, require a larger panel area due to
their lower specific power output. This calculation is based on a
fixed legislated value of 20 W/1b at Earth AMO. It has been shown that
the tradeoff of lighter cell weight vs larger panel area is essentially
equal providing a substrate weight of approximately 0.10 lb/ft2 can be
met. A slight advantage can be gained by using the 0.008 thick solar
cells, if it would be advantageous for substrate weight allowance. The
advantage, all aspects considered, however, lies with the thicker cells,
as they will require a 21 percent smaller panel which is less costly,

easier to deploy and support in the wind conditions on Mars.

3.3 DISCUSSION OF POSSIBLE ARRAY CONCEPTS

In Subsection 3.2 a minimum array size was outlined as follows:

a. Area - 56.8 ft2
b. Weight - 20.2 1b

This array area is defined as the minimum panel size with 0.012 thick
cells at a 90 percent packing factor, at an array temperature of 3000K,

and with the array normal to the noon sun with no shadow losses.

In analyzing the possible array concepts which may be utilized for a
Martian solar array, the first area of consideration covers the orienta-
tion modes. The orientation considerations are that the array must
have the inherent capability, or be able to be positioned in such a way

as to account for the following environmental factors:
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a. Latitude of spacecraft after landing
b. Seasonal changes of sun angle

c. Slope of terrain upon which the spacecraft has landed

An additional factor that must be considered is the effect upon the
solar array caused by the position of the spacecraft with respect to
the plane of the sun's ecliptic. The position of the spacecraft is
uncontrolled, and after landing cannot be corrected to a preferred
attitude. The effect upon the array will be varied dependent upon

the orientation capability of the design.

The various orientation modes considered in the conceptual analysis
are depicted in EOS Dwg. 7254-101 (Fig. 14). These are:

a. Fixed array
b. Single-axis orientation
c. Two-axis orientation

d. Three-axis orientation

It is also important to note that the orientation analysis presented
does not indicate a preference for a structural design of the solar

array. The actual array substrate, rollup, semirigid, or rigid, will
have essentially the same limiting factors with respect to a suntime

envelope.

The preliminary orientation analysis as shown in Fig, 14 is actually

a tradeoff study of the anticipated area and weight required to provide
a projected area of 56.8 sq ft of solar array for the different
orientation modes shown. In addition, an estimated 12 hr power profile
is shown considering that the array has been oriented to its best case

condition for worst case environmental conditions.

Certain of the orientation modes, primarily 5 and 6, could be readily
adapted to continuous sun tracking, to provide a nearly uniform power

profile.
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3.4 ASPECTS OF MARTIAN ENVIRONMENTAL EFFECTS ON MATERIAL SELECTION

This section discusses certain aspects of the Mars environment which
may influence the choice of material or the method of integration of
the solar array. The three areas of primary concern are: (1) the
effect of carbon dioxide atmosphere which could possibly cause material
corrosion, (2) the effect of dust particles on the electrical perfor-
mance of the array, and (3) the effect of surface pitting on thermal
control surface conceivably brought about by dust storms caused by

periodic occurrence of high speed wind.

It should be emphasized that the order of magnitude of these effects
presented will be quite speculative, since available data of Mars
environment contain a large degree of uncertainty. The indicated
magnitude, however, can be used as a guide in screening out materials

or to provide rationale for the array design.
3.4.1 EFFECT OF 002 ATMOSPHERE

The atmospheric model selected as the most probable suggests that the
Martian atmosphere consists of approximately 100 percent carbon dioxide.

The likely mode of CO, attack on material at the temperature of 300°k

2
will probably be in the form of weak carbonic acid formed by the

combination of CO2 gas and water vapor. The first order of analysis
is to determine the carbon dioxide concentration at Mars surface in

comparison to that which exists on Earth.

The Earth atmospheric composition applicable from 0 to 90 kn altitude

is the following:
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Content

(w/o)
N, 75.5
0, 23.1
A 1.33
co, 0.045

Others in trace amounts 0.005

The number of CO2 gas molecules in 1crn3 of air can be calculated

from
N — NO Fpatm
earth M
where N = CO as molecules/ m3
earth 2 g molecules/c
No = Avogadro number = 6.02 X 1023
F = percent abundance
= ; ; -4 3
Patm = atmospheric density = 11.66 X 10 ~ gm/cm
M = molecular weight of CO2 = 44
-4
N - 6.02 x 1023 x 0.045 x 1072 x 1166 x 10
earth 44
15 -3

= 954 X 10 cm

For the case of Mars, the abundance is 100 percent and the density is
1.85 X 107> gm/cm°. This yields

52 x 10%7 em”3

“Mars = 26.4
NEarth
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The result of the above simplified analysis indicates that the CO2
concentration at Mars is approximately 25 times that on Earth, However,
this result should be tempered by the fact that the water vapor content
at Mars is one or two orders of magnitude of that on Earth. The net
result will be that the degree of attack on material will be negligible

such as is experienced on Earth.

It is pertinent to note that several nuclear reactor installations in
Britain (such as the Calder Hall reactors) use carbon dioxide as the
coolant at high temperatures. These reactors have been in operation
for several years and are still operating with no apparent problem in
regard to CO2 attack on material such as stainless steel.

3.4.2 EFFECT OF DUST PARTICLES ON ELECTRICAL PERFORMANCE CF ARRAY

Dust particles which have a range of 1 to 10004 can be made airborne
when speed exceeds 300 ft/sec. Such a wind speed is not a normal
occurrence but could conceivably exist on a transient basis. Once
airborne, the settling dust may affect the electrical performance in
two ways. One is to degrade the optical properties of the solar cell
cover glass, and second effect will be to create a short circuit con-

dition between two solar cells.

Reduction of solar array output by dust shadowing (optical properties
degradation) is not catastrophic and the problem can be solved by
mechanical means. Movement of the solar panel, provision of wipers or
blowing gas jets are possibilities. In fact, if the tradeoff study
proves it to be advantageous, daily solar tracking will provide an

automatic means of dust disposal.
The electrical shorting, however, can be catastrophic. Whether or not

this is a serious problem depends on the electrical properties of the

dust particles. A polarization study of light from the bright or
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so-called "desert" regions of Mars suggests the surface to be that of
limonite (hydrous ferric oxide). Kuiper, on the other hand, concluded
from his infrared studies that the bright areas consist of igneous

rock, similar to felsite. Other investigators have found similarity
between the polarization curves for Mars and those for volcanic ash

and red sandstone. Grains are apt to be coated with an oxide, for
example limonite or hematite, which would mask the silicate emission
spectra. The possible existence of limonite as dust particles can be
quite a problem, since it is a relatively good conductor. The electrical

resistivity of iron oxide in comparison with other known insulators is

as shown below.

Elect. Resistivity (ohm-em)

Material at 3009k
99.24 FeZOB and 0.76 T]._O2 2
99.85 Fe203 and 0.15 TiOZ 60
BeO

13
A1203 =10
H-film (Kapton) 10t

The above discussion suggests strongly that all exposed electrical
surfaces should be avoided. This factor should be considered in the
specification of solar panel fabrication. One possible solution is,
as a final step, to spray a dielectric coating on the panel to prevent
the short circuit. However, the optical properties of the cover glass
may be compromised. LMSC recently reported a research-type coating
which could be used in place of the cover glass. It is unlikely that
such a coating will be state-of-the-artby 1969, but is a possibility
for a later mission.
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3.4.3 EFFECT OF DUST STORM ON SURFACE

According to the probable atmospheric model (VM-2), the normal con-
tinuous wind speed on Martian surface (from 0 to 10 meters height) is
150 ft/sec., The corresponding surface maximum speed is 380 ft/sec.
This latter speed may be as high as 450 ft/sec if the VM-8 model is

considered .

A recent experiment by Hertzler, et al*, indicated that under normal
wind speed conditions, surface abrasion will not occur. However,
under gust conditions where wind speed is approximately 400 ft/sec,
some surface deterioration can be expected. The experiment performed
consists of three parts. The first set of experiments was primarily
concerned with the deterioration of wind threshold velocity (the speed
at which dust particles become airborne). The threshold velocity as
a function of the surface pressure and particle size is shown in

Fig. 15.

The second set of experiments was concerned with the determination of
the particle concentration at various speeds, ranging from 344 to 435
ft/sec. The particle size ranged from 10 to 420u. Results indicated

that the particle concentration varied from 10“4 to 10“5 oz/ft3 of flow.
The third set was the abrasion experiment, where surface deterioration

of various coatings was determined at several combinations of particle

concentrations, wind speeds, and surface pressure. Results of this

experiment where the specimen surface was normal to the wind velocity

L}

“*Martian Sand and Dust Storm Experimentation®™ by Richard G. Hertzler.
Emile J. J. Wang, and Ollie J. Wilbers, J. Spacecraft, Vol. 4, No. 2,
p. 284-286.
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are shown in Table VIII. It can be seen that the damage to the glass

surface varied from local pitting at 300 ft/sec to frosted conditions

at 520 ft/sec. The damage to thermal control coating varied from local

abrasion

Based on

7254-Q-1

to complete coating removal.

these results the following conclusions can be drawn:

Although this experiment was preliminary, results indicated
the problem could be serious.

More experimentation should be performed to confirm repro-
ducibility, perhaps by another independent source.

The experiment should take into consideration that the
Martian gravitational field is 0.38 that of Earth's. This
could result in a higher dust particle concentration than
what was reported for the same wind speed and pressure.

The experiment should be directed towards a more closely
simulated condition of Mars probable model, especially in
the regime of 380 to 450 ft/sec wind and 5 to 7 nmb surface
pressure.

The surface specimen should be tested at various angles with
respect to wind direction. Perhaps the simplest solutionwill
be to employ sensors which control the panel orientation in
such a way as to minimize the damage. In fact, the wind load
on panels during storm conditions may be simultaneously reduced
in this manner.
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SECTION 4

CONCLUSIONS

In summary, this report concludes the Task I effort, and establishes

a baseline of the environmental conditions that will be used in the

design.

A preliminary review of the conceptual definitions under Task II has

been presented in this report, and will be concluded in the November

15 monthly report. The outline of this effort will be as follows:

7254-Q-1

Geometric study to obtain the minimum necessary projected
array area,

Analysis of the array power profile by orientation types,

as a function of latitude, hour, topography, and spacecraft
attitude.

Interaction between the array concepts and the spacecraft
and/or antenna.

A study of existing developmental solar array panel sub-
strates, and their adaptability into the baseline definitions,
for the Martian solar array.

A selection and comparison of at least three array configura-

tions for detailed study under Task III of this contract.
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